Abstract Backcrossing together with simple sequence repeat marker strategy was adopted to improve popular Malaysian chilli Kulai (Capsicum annuum L.) for heat tolerance. The use of molecular markers in backcross breeding and selection contributes significantly to overcoming the main drawbacks such as increase linkage drag and time consumption, in the ancient manual breeding approach (conventional), and speeds up the genome recovery of the recurrent parent. The strategy was adopted to introgress heat shock protein gene(s) from AVPP0702 (C. annuum L.), which are heat-tolerant, into the genetic profile of Kulai, a popular high-yielding chilli but which is heat sensitive. The parents were grown on seed trays, and parental screening was carried out with 252 simple sequence repeat markers. The selected parents were crossed and backcrossed to generate F 1 hybrids and backcross generations. Sixty-eight markers appeared to be polymorphic and were used to assess the backcross generation;
Introduction
In Malaysia, the estimated annual production of chilli for 2014 was 40,520 Mt planted over 3581.80 ha of cultivated land area (DOA 2014) . Due to high demand for chilli and insufficient supplies, Malaysia imports chilli to meet the rising demand. In 2005, Malaysia imported 45,900 t of chilli, while in 2007, import of peppers declined to 35,500 t. Recently, chilli output in Malaysia plunged due to El Nino, leading to a shortage of supply. El Nino is a complex series of climatic changes that occurs irregularly and affects sea surface temperature in most tropics and subtropics. With a population of about 30 million, Malaysia is the 26th largest greenhouse gas emitter in the world (Alam et al. 2011) which is projected to increase its average temperature by 0.3 to 4.5°C with a subsequent rise in sea level of above 95 cm over a hundred years. This will lead to fluctuations in rainfall from about −30% to +30% and Electronic supplementary material The online version of this article (doi:10.1007/s12192-017-0836-3) contains supplementary material, which is available to authorized users.
will ultimately affect crop yield negatively (Chong and Mathews 2001) .
Heat stress is an increase in temperature above the critical value for periods long enough to pose serious harm or damage to the growth and development of plants (Larkindale and Knight 2002) . Crop plants, including chilli peppers, are exposed to heat stress at different stages of their lifecycle. High temperature is the main environmental factor negatively affecting plant growth in tropical and sub-tropical areas (Usman et al. 2014) . As soon as cells are exposed to various stress conditions such as heat stress, heat shock factors (HSFs) residing in the cytosol dissociate from Hsps, become activated and undergo trimerization. These HSF trimers react with phosphorus and are moved to the nucleus where they bind to the heat shock elements located in the promoter region of the Hsp genes. Hsp mRNA is then transcribed and translated which leads to increased levels of Hsps in the aqueous component of the cytoplasm. Hence, these factors act as chaperones for misformed proteins and help in the movement and/or degradation of already damaged proteins (Young 2010) . To whatever degree, all organisms show the expression of Hsps that belong to the family Hsp70 with the molecular weight of the family falling between 68 and 78 kDa (Lindquist 1986 ). Heat-responsive gene (Hsp70) is a stress-inducible protein present in living organisms throughout evolution and is highly conserved. They act as a molecular chaperone and are important for allowing cells to cope with acute stressor insults, especially those affecting the protein machinery. Hsp70 proteins give protection to cells against heat stress. Regardless of their function in preventing aggregation of proteins and in helping again in the folding of proteins that are not native in environments that are not favourable, several Hsp70s also play a crucial role in housekeeping activities under favourable conditions (Usman et al. 2017; Tompa and Kovacs 2010) .
The process involving molecular markers for the indirect selection of a genetic determinant(s) of a desirable trait could be referred to as marker-assisted selection (e.g. heat tolerance). It is a breeding selection technique for a desirable gene via molecular marker analysis with markers closely associated with the target gene. The selections are considered with high reliability and genotype selection could be performed in early generation, thus speeding up the breeding process (Chen et al. 2005) . Precise transfer of genes from wild species was found effective by gene introgression assisted by marker selection with less linkage drag (Lang et al. 2015) and could identify genotypes carrying the desired gene in the early backcross generations even if it is subdued in a genetic background (Hurni et al. 2014) . The success of the incorporation relies on the ability of the gene(s) of interest to showcase the expected outcome once incorporated into the genetic background of the recipient parent. The main advantages of this breeding approach are precise selection for the desired locus, effective genetic profiling of the recipient parent and reduced linkage drag adjacent to the incorporated locus. It is also an efficient way to manipulate the genetic make-up of plants to develop new genotypes with favourable characters (Miah et al. 2015) . Lecomte et al. (2004) through marker-assisted backcrossing (MAB) incorporated five quantitative trait loci (QTLs) highly linked to tomato fruit quality into three different recipient lines. Lawson et al. (1997) observed that the level of resistance in individuals incorporated for five pest-resistant QTLs through MAB was less when compared with the interspecific F 1 hybrids. Another experimental study was reported by Thabuis et al. (2004) in which through marker-assisted backcrossing, four QTL-resistant alleles were incorporated from small fruited pepper into bell pepper recipient line in just three backcross generations. Further, the successful introgression and recovery of the recipient parent was confirmed following phenotypic evaluations of each backcross generation which showed an increased level of resistance and an efficient return to the recipient phenotype for the fruit weight. Through marker-assisted backcrossing, Babu et al. (2005) reported that high lysine opaque2 gene was incorporated to phi057 and umc1066, which are located within the opaque2 gene itself. Successful introgression of two chromosomal regions containing six QTLs (RM3586, RM160, RM3735, RM3471, RM3687 and RM3536) for heat tolerance from N22 Dular rice variety through marker-assisted backcrossing was reported (Lang et al. 2015) . From the available literature, development of heat-tolerant vegetable (including chilli) varieties through marker-assisted backcrossing was not reported. However, the AVRDC-The World Vegetable Center has made significant contributions to the development of heat-tolerant tomato, peppers and Chinese cabbage lines and the subsequent release of adapted, tropical varieties worldwide (De la Peña and Hughes 2007) . The objective of the present study was to introgress Hsp70 gene into widely cultivated highyielding Kulai variety, to identify polymorphic molecular markers for heat-tolerant characteristics and background recoveries and to validate the backcross progenies for heat tolerance (Hsp loci).
Materials and methods

Plant materials
The chilli genotype AVPP0702 (Capsicum annuum L.), a heat-tolerant breeding line from the AVRDC-The World Vegetable Center, was used as the donor parent. Its yield is 2.5-3 t/ha under heat conditions in Taiwan (AVRDC 2001 (Usman et al. 2015) . AVPP0702 was used as heat-tolerant donor parents, and the cultivated chilli variety Kulai, sensitive to heat stress, served as the recurrent parent. The Kulai variety was crossed with AVPP0702 to produce the F 1 seed generation. The plants in F 1 generation (as a female parent) were then backcrossed with the recurrent parent to form the first backcross generation, BC 1 F 1 . Selection for the desired alleles (plants carrying the target genes) and background selection for the recovery of the recurrent parent were performed using microsatellite markers distributed across the 12 chilli chromosomes. Progenies with the desired allele and maximum recovery of the recurrent parents were again backcrossed with Kulai to produce the BC 2 F 1 generation. This backcross breeding program proceeds until BC 3 F 1 generation. Backcross selection was conducted at each backcross generation to determine the percentage recovery of the recurrent parent.
Molecular marker analysis
The pepper simple sequence repeat markers closely linked to the Hsp gene were used to select backcross plants possessing the target gene. Marker screening for polymorphism was carried out between the two selected parents using the tightlylinked (Hsp70-u2 and AGi42) markers, which have been found to be related to the Hsp genes (Magaji et al. 2016; Ince et al. 2010) , and 250 paired SSR markers spread across the 12 chilli pepper chromosomes (Magaji et al. 2016) . A minimum of four polymorphic SSR background markers per chromosome were used for recurrent parent genome recovery analysis.
Precision of introgression line screening for heat tolerance
Heat tolerance screening was carried out in the Laboratory of Climate-Smart Food Crop Production, Institute of Tropical Agriculture and Food Security, Universiti Putra Malaysia. Seeds of the BC generations (BC 1 F 1 , BC 2 F 1 and BC 3 F 1 ) including parents (AVPP0702 and Kulai) were germinated in plastic cups with three replications. The plants were exposed to a gradual temperature increase (10 min for every 5°in-crease) from 25 to 35°C using an experimental plant growth chamber (GC-101C; Daeyang ETS, Hwasung-si, Kyunggido, South Korea). After the temperature reached 30°C, the plants were kept at 35°C for 2 and 4 h, and the same method of stress treatment was applied for extreme heat stress (45°C) for 2 and 4 h duration. After each heat treatment, leaf samples were excised and immediately suspended in liquid nitrogen for subsequent analyses.
RNA isolation and quantitative real-time PCR
Hsp gene expression analysis was performed using qRT-PCR to confirm the introgression of the heat-responsive gene in BC 1 F 1 , BC 2 F 1 and BC 3 F 1 in response to the different levels of the heat stress. Total RNA was extracted following TRIzol. The integrity and purity of the total RNA were evaluated with NanoDrop 1000 spectrophotometer (Thermo Scientific, Wilmington, DE, USA) and 1.0% agarose gel. The genomic DNA of total RNA was removed by DNaseI. First-strand cDNA was synthesized using Thermo RT First Strand cDNA Synthesis Kit according to the manufacturer's instruction. The quantitative real-time PCR (qRT-PCR) was performed on CFX96 Real-Time PCR system (Bio-Rad, Mississauga, Ontario, Canada). The primer3Plus software was used to design Hsp70. The UBI-3 and EF1-α were used as an internal control. Each qRT-PCR reaction was performed with Power 2× SYBR real-time PCR premixture (BioTek). The reactions were subjected to 95°C for 2 min followed by 40 cycles at 95°C for 20 s, 60°C for 20 s and 72°C for 60 s. The primers of EF1-α were forward primer, 5′ TGAAGAAT GGTGATGCTGGC 3′; reverse primer, 5′ GACAACAC CAACAGCAACAG 3′, and those of UBI-3 were forward primer, 5′ TGTCCATCTGCTCTCTGTTG 3′; reverse primer, 5′ CACCCCAAGCACAATAAGAC 3′. The primers of Hsp70-u2 were forward primer, 5′ ACGAAGGGTGTCTC AGCAAG 3′; reverse primer, 5′ GGAAGATTTGCCAG TGAAGG 3′, and the primers of OsHsp24 were forward primer, 5′ TTCCAGGTCAACGTCGAGT 3′; reverse primer, 5′ GCACGGTTCTTCCGC TTCA 3′. Each reaction was done in duplicate, and two non-template controls were included.
Selection for phenotypic resemblance
Plants carrying the heat-resistant gene(s) with a maximum phenotypic resemblance to the recipient parent Kulai were selected during the growing period. Phenotypic selection was carried out over the entire population of BC 1 F 1 , BC 2 F 1 and BC 3 F 1 generations after foreground selection. The phenotypic parameters considered are plant height, number of fruits, fruit length, fruit weight and yield per plant. Individuals at each backcross generation having the highest phenotypic resemblance with the recipient Kulai as well as carrying the Hsp70-linked gene were selected for the next generation.
Extraction of DNA, PCR conditions and electrophoresis
Fresh leaves of approximately 4-week-old plants from all parents and the backcross generations were excised for total genomic DNA extraction using cetyltrimethylammonium bromide (CTAB) method as described by Doyle and Doyle (1990) . The quality and size of genomic DNA of the DNA samples were checked using NanoDrop spectrophotometry (ND1000 spectrophotometer) and evaluated on gel electrophoresis at 1%. Samples within the range of 1.8-2.0 260/ 280 were selected for the polymerase chain reaction. NanoDrop indicates the presence of protein and organic acid contamination. A 260/280 ratio is generally used to determine protein contamination of a nucleic acid sample, and a 260/230 ratio indicates the presence of organic contaminants. A 260/ 280 ratio of~1.8 is generally accepted as Bpure^for DNA and a 260/230 close to 2.0 generally accepted as Bpure^DNA. A single high-molecular-weight band was considered good DNA, and smeared DNA band was of poor quality. The stock DNA samples were diluted with 1× TE buffer (10 mM TrisHCl, pH 8.0, 1 mM EDTA, pH 8.0) to make a final concentration of 70 ng/μl and kept in −20°C refrigerator for further analysis.
The PCR amplification was performed in 1 μl 70 ng template DNA, 1.0 μM of each forward and reverse primer, 7.4 μl DreamTaq Green PCR Master Mix (2×) (Thermo Scientific) and 4.6 μl nuclease-free water per 15 μl using thermocycler (T100TM, Bio-Rad). The PCR condition was followed using a touchdown PCR program with the following profile: 94°C for 5 min followed by 38 cycles at 94°C for 1 min, 45-62°C (depending on annealing temperature of the primer pair) for 1 min, then 72°C for 2 min, and a final extension for 10 min at 72°C followed by rapid cooling to 4°C prior to analysis both for foreground and background markers. A total of 2.5% Metaphor™ agarose (Lonza) gel was prepared comprising of 1 μl Midori green in 1× TBE buffer (0.05 M Tris, 0.05 M boric acid, 1 mM EDTA, pH 8.0) for electrophoresis. The gel was run at a constant voltage of 80 V for 80 min, and the amplified products were visualized with the aid of a Molecular Imager® (GelDoc™ XR, Bio-Rad Laboratories Inc., USA). The molecular weights of the different alleles were measured using the software provided by Bio-Rad and attached to the gel documentation system.
Statistical analysis
The primers' banding pattern was scored with reference to two parents. In the foreground selection, the homozygous recipient allele, homozygous dominant allele and heterozygous allele were scored as BA^, BK^and BH^. With respect to the background selection, the marker data was analysed using the Graphical Genotyper (GGT 2.0) software (Van Berloo 2008) . The proportion of recurrent parent (% K), the percent donor alleles (% A) and heterozygous segments (% H) were calculated. The Chi-square (χ 2 ) analysis for the sensitive and tolerant ratio was calculated by using the formula,
2 /E, where O is the observed value, and E is the expected value. An independent t test and Tukey's HSD test using SAS 9.4 program were done to separate the mean difference of the growth and yield between the parental lines and heat-tolerant improved lines. Relative gene expression analysis was calculated following the 2 −ΔΔCT method (Pfaffl 2001 ) using the software provided by Bio-Rad. UBI-3 and EF1-α were used as housekeeping gene for normalization.
Results and discussion
Improving abiotic stress tolerance of plants involves breeding plants that can survive under extreme temperature range beyond what exists in the current germplasm. The molecular breeding approach is a potential alternative to conventional breeding. This is because it is less time-consuming, laboursaving and cost-effective. Various researchers have reported that known gene(s) can be manipulated using indirect (linked) markers such as in wheat (AnLi et al. 2005 ) and tomato (Barone et al. 2005) . However, from the available literature, development of heat-tolerant vegetable varieties through MAB was not reported.
Parental SSR polymorphism screening
A total of 252 SSR markers were used for the parental polymorphism screening. Of these, 68 polymorphic markers between the two parents (Magaji et al. 2016 ) spreading across all 12 chilli pepper chromosomes were used to assess the BC 1 F 1 , BC 2 F 1 and BC 3 F 1 generations for background analysis. All selected SSR markers showed clear polymorphisms between the parental lines. The ratio of polymorphic markers on the parental survey was approximately 26.98% (Magaji et al. 2016) . Figure 1 showed the parental screening of polymorphic markers used in this study. Our results showed different alleles between the contrasting parental lines using the screened SSR markers, indicating the existence of polymorphism of the same gene in the same chilli population. Similar results were reported by Chamikara et al. (2015) and Ince et al. (2010) . Hence, the markers can be applicable for marker-assisted selection in each backcross generation.
Genotyping F 1 generation
The F 1 seeds were produced from the cross between Kulai and AVPP0702, and F 1 plants were tested for both characters of the parents using the Hsp70-u2-and AGi42-linked markers. Almost all the tested individuals were heterozygous (carrying both characters of the two parents) using the foreground markers (Fig. 2) .
Genotyping BC 1 F 1 generation
Foreground selection
The best F 1 plants carrying the two tightly linked markers were backcrossed with Kulai to generate 60 BC 1 F 1 plants.
Forty-six individuals were heterozygous for the Hsp70-u2 and AGi42 markers tightly linked to Hsp genes (Fig. 3) . The plants with the BH^score for the Hsp-linked marker were subjected to background selection with unlinked markers. The nonheterozygous condition of the other F 1 individuals indicates that due to backcrossing, the Hsp gene disappeared.
Genetic background selection
Sixty-eight polymorphic markers were initially used for selection in BC 1 F 1 generation. The distribution of the SSR polymorphic markers on the 12 chromosomes varied, ranging from four (chromosome 2, 7 and 9) to seven on chromosomes 1, 3, 11 and 12. Individuals with fixed donor alleles were excluded from selection in the next generation. 
Foreground selection
Two markers Hsp70-u2 and AGi42 tightly linked to Hsp genes for heat tolerance on chromosomes 3 and 8 (Magaji et al. 2016) were screened to select BC 1 F 1 individuals carrying Hsp alleles and from which BC 2 F 1 were generated. Out of 50 plants of BC 2 F 1 generation, introgression of the heatresistant gene was confirmed in 17 plants using the foreground markers. The proportion of sensitive and tolerant progenies in BC 2 F 1 generation using the linked marker is shown in Table 2 . The markers showed a good fit to the expected test cross ratio (1:1) for a single gene in BC 2 F 1 population indicating an association with Hsp genes for heat tolerance in chilli pepper, which shows non-significance at 5% probability level. Target genes are now conveniently transferred through markerassisted foreground selection, which confirms the target alleles in the individuals produced either by selfing of a cross or F 1 crossed between two parental lines (Allard 1999) . Foreground markers and the target gene are close together (tightly linked) on the same chromosome, hence carried together onto the next generation.
Background selection
Sixty-eight polymorphic markers were used to screen among BC 2 F 1 plants from a selection of plants possessing the target gene. The extent of recurrent parent genome recovery percentage was from 86.30 to 90.10% in BC 2 F 1 generation. The four best plants having maximum recurrent parent genome introgression and possessing the desired gene were coupled favourably with phenotypic resemblance with the recipient parent. The mean recovery percentage of the individuals selected was 87.76%. The recovery percentage and heterozygous segment of chosen plants in BC 2 F 1 population were summarized and presented in Table 3 . The best individual carrying both linked markers in BC 2 F 1 generation was plant BC 1 -P 7 -P 10 with the highest recovery percentage (89.80%). From our investigation, the backcross program was successful, having individuals satisfying the strongest conditions thereby making selection easier and more efficient. Based on this, the selected plant was used to generate the BC 3 F 1 population. Using background analysis, several other reports confirm these findings including the works of Singh et al. (2013) who found the recurrent parent genome recovery at 91.6% in BC 2 F 1 , Cuc et al. (2012) at 93.75% and Khanh et al. (2013) who found recurrent parent genome recovery at 89.8%.
Genotyping BC 3 F 1 generation
Foreground selection
Hsp-tightly linked markers were used to confirm the introgression of Hsp genes in BC 3 F 1 generation. A total of 20 BC 3 F 1 plants confirmed the introgression of Hsp using Hsp70-u2 and AGi42 (Fig. 4) . Both markers showed a goodness-of-fit to the expected test cross ratio (1:1) for a single gene in the BC 3 F 1 population indicating an association with Hsp genes for heat tolerance in chilli pepper. Table 4 showed the proportion of sensitive and tolerant plants in BC 3 F 1 . This is confirmed by the works of Iftekharuddaula (2008) who reported 1:1 ratio in the BC generation.
Though not reported in chilli peppers, incorporation of heat shock proteins has shown considerable success in the improvement of crop plants against heat stress. Ristic et al. (1998) reported that Hsp 45 kDa was observed in maize F 2 plants that displayed an increased ability to recover from heat stress. Using MAB in our study, SSR markers closely linked to Hsp genes were used for foreground selection in the backcross generations. This accelerates the breeding process and reduces linkage drag.
Background selection
The recurrent genome recovery of the BC 3 F 1 generation was also analysed from GGT2.0 software. The recurrent parent genome recovery percentage was from 94.60 to 96.50% in (Table 5) . From this, the best plant BC 1 -P 7 -P 10 -P 3 carrying the Hsp genes had a recovery percentage of 94.60%. Chromosome-wise recovery percentage of BC 1 -P 7 -P 10 -P 3 plant was shown (Supplementary I).
Marker selection for maximum introgression recovery of the recipient parent speeds up the recovery percentage of the recurrent parent and delimits the number of backcross generations (Hasan et al. 2015; Miah et al. 2013; Hospital and Charcosset 1997) . Apparently, the recipient genome is fully recovered on all chromosomes with some few donor and homozygous regions which can be eliminated when selfed to produce the BC 3 F 2 homozygous lines, as reported (Basavara et al. 2010) . With advanced generations, the recurrent parent genome recovery may increase due to the attachment of recipient parent allele from the heterozygous alleles. Young and Tanksley (1989) reported that selection against genetic drag can save ten generations using molecular markers in selection for unlinked markers, which accelerates the recovery of the recipient genome by 2 to 3 cycles. Factors that determine the number of backcross generations in backcross breeding program include the genetic distance between the recipient and non-recipient parents, the breeder's preference and first-hand assessment in the early backcross generations on the phenotypic and genotypic selections. In our study, the backcross generation was extended to the third generation because the genome recovery of the recipient parent was relatively slow.
Agro-morphological performance of the BC 3 F 1 generation
To confirm the successful recovery of the recurrent parent genome in the improved BC 3 F 1 lines, the agronomical and morphological performances of the improved lines (carrying the heat-responsive Hsp genes) together with the adaptable recurrent parent were compared using both Tukey's HSD test and independent t test procedures. Introgression of target genes (such as Hsp genes) and recovery of the recipient parent must be confirmed by phenotyping the cross-generation usually at the individual level.
The t test was satisfied via Folded F's test, F(19) = 1.53 to 53.21, p = 0.037 to 0.790 (Table 6 ). This indicates the equality of variances was not significant for all the dependent variables except the number of fruits, so a pooled variance method was used to calculate t (Table 6 ). The independent-sampled t test was associated with no statistically significant effect, t(3) = 0.98 to 2.610, p = 0.079 to 0.586 for all dependent variables except for plant height t(3) = 9.350, p = 0.0013 (Table 6 ). This means that the growth and yield performance of the recurrent (recipient) parent and improved BC 3 F 1 plants are similar, indicating a successful recovery of the recipient genome through marker-assisted backcross breeding after successful introgression of heat-tolerant Hsp gene. Hence, the (Table 7 ). It appears that the growth performance of the improved lines was maintained statistically as compared with the recipient from this study. Similar observations were reported by Lau et al. (2017) . Phenotypic performance is an index of a good genotype if the genes have a major effect on the phenotype, and the error of the phenotype is minimal (Ye and Smith 2008) .
Hsp gene expression in BC 1 F 1 , BC 2 F 1 and BC 3 F 1 backcross generations
To assess the efficiency, accuracy, reliability and specificity of the gene of interest, a standard curve was generated using a 5-fold serial dilution of cDNA template amplified on the thermal cycler real-time system. Each dilution was assayed in duplicate. Figure 5 showed the amplification curves of the 5-point dilution series of Hsp70-u2 and standard curve with the C T plotted against the log of the starting quantity of template for each dilution. The results of quantitative RT-PCR showed that at 2-h exposure, the accumulation of target Hsp70-u2 gene was moderate across all the genotypes and weak in the recurrent parent (Fig. 6) . Strong positive threshold cycle (Cq < 29) values were observed in the backcross generations at 4 h after heat exposure at 35 and 45°C which is similar to the donor parent, indicative of abundant target nucleic acid in the samples. While Kulai, the recurrent parent, showed a weak reaction (Cq of 38-40) indicative of a minimal amount of the target nucleic acid in the sample. Similarly, OsHsp24 at 4-h heat treatment amplified early with lower Cq values, indicating an abundance of the nucleic acid transcript (Fig. 7) .
The results of quantitative RT-PCR showed that OsHsp24 and Hsp70-u2 were expressed at different heat stress treatments in the backcross generations including the parents; the expression of Hsp70-u2 in BC 1 F 1 , BC 2 F 1 and BC 3 F 1 was higher than that of the parents when compared with the control, and the optimal stress-inducing temperature was 45°C. The expression peak in BC 3 F 1 was noted when compared with the donor parent at 2 h after heat stress, and all the backcross generations consistently showed the response to heat treatment by expressing the incorporated heat-induced gene (Hsp70-u2) at 4 h exposure time (Fig. 8) . This was true for the backcross individuals which were significantly up-regulated (Table 8 ) by more than 10.9-, 18.4-and 8.8-fold for BC 1 F 1 , BC 2 F 1 and BC 3 F 1 , respectively (Fig. 8) , like the expression level of the AVPP0702 (donor parent). The highest expression was given at BC 2 F 1 generation with 18.37-fold increase in Hsp70-u2 (Fig. 8) . Hsp70-u2 exhibit high transcript levels in the leaves indicating that this gene may play key roles in maintaining the normal leaf functions, such as respiration and photosynthesis. Kulai (the recurrent parent) was either down-regulated or less expressed in response to heat stress. Table 8 shows the regulation and significance of the gene expression at each heat treatment. However, as shown in Fig. 9 , the OsHsp24 was expressed at different times under heat treatment. The mRNA of OsHsp24 was induced by heat stress but showed low-level expression compared to that of Hsp70-u2. The transcripts increased 2 h after the treatment at 45°C and began to decrease at 4 h after treatment and gradually back to the control or beyond with slight increase at 35°C in BC 3 F 1 generation. Since this gene mainly increases expression within the first 2 h of heat treatment, they may function mainly at the early stage of heat stress response. From our investigation, after recovery for 24 h, the transcript levels of the OsHsp24 and Hsp70-u2 genes decreased to the level prior to stress treatment. This indicated that the Hsp genes were not destroyed compared with the control except that the Means followed by different letters within the same column are significantly different at 5% level of probability Hsp70-u2 showed a slight decrease. This was however similar with the results of Ye et al. (2012) . Hsp70-u2 and OsHsp24 were found to be heat-inducible, suggesting that these genes contribute to the heat stress response via some mechanisms. A plant synthesized Hsps (stress-related proteins) when exposed to high temperature and signals from the cells, resulting from changing the expression of genes and accumulation of transcripts at the molecular level (Guo et al. 2014) . In this study, individuals selected from BC 1 F 1 , BC 2 F 1 and BC 3 F 1 along with the parents were exposed to heat treatments to confirm the introgression of the Hsp gene(s) in the backcross generation for further selection. The heat stress induction was not distinct at first from the donor parent, while the accumulation of Hsp70 significantly increased after 4 h (about 18.36-fold) compared with the control and recurrent parent. The BC 1 F 1 , BC 2 F 1 and BC 3 F 1 showed almost similar expression pattern with the donor parent with the maximum level of expression at 45°C treatment. Our data revealed that these genes have different specific expression profiles and different time exposure responses to heat stress, implying their differential function in abiotic stress response. High-temperature stress is detrimental throughout the growth period of pepper; for example, the extreme temperature can disturb pollination and fertilization, resulting in a decline in production and quality of pepper fruits (Guo et al. 2014) .
Conclusion
Marker-assisted backcrossing strategy highlighted in this study was used successfully to incorporate Hsp genes into Kulai. In chilli pepper breeding programs, MAB was not fully Means followed by different letters across the row are significantly different at 5% level of probability utilized compared to cereals such as rice and wheat. The recovery percentage of the recipient genome was hastened indicating the potentiality of MAB approach to recover the genome of the recurrent parent in chillies. The improved heattolerant Kulai chilli carrying Hsp genes could serve as donors for heat tolerance in chilli pepper breeding programs, and this could become increasingly important as other desirable genes are introduced into the heat-tolerant Kulai chilli pepper. This approach could be further exploited to introgress not only Hsp genes in important varieties of chilli with a least possible introgression region and in the shortest possible time. Incorporated Hsp genes were found differentially expressed in the BC generations at different time exposures either more than or like the donor parent. It is expected that the newly developed heat-tolerant lines will be able to increase chilli pepper production to enhance and sustain future livelihoods and food security in Malaysia and other heat-prone areas in the context of climate change. 
